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PPPL Calculation Form 

 
Calculation # NSTX-CALC-132-14-00   Revision #0             WP #1672    (ENG-032) 
 

 
Purpose of Calculation: (Define why the calculation is being performed.) 
 

 NSTX-U Upgrade TF Lead Flag Extensions Support Brackets were originally 
modeled as part of NSTX-U-CALC-132-06.  Results indicated that parts needed to be more 
robust to withstand in service loads.  Geometry has been iterated and a new calculation is 
required to document results. 

 
References (List any source of design information including computer program titles and revision levels.) 
 

[1] Drawing E-DC1463 
[2] NSTX-CALC-132-06, T Willards TF Strap Calculation 
[3] NSTX Structural Design Criteria 
[4] NSTX Design Point Spreadsheet 
[5] NSTXU-CALC-12-06-00 Rev 0 , Aluminum Block, P. Titus October18 2011 
[6] Special Metals “Blue book” Bulletin on Inconel 718 
[7] National Spherical Torus Experiment NSTX CENTER STACK UPGRADE GENERAL 
REQUIREMENTS DOCUMENT NSTX_CSU-RQMTS-GRD Revision 0 March 30, 2009 
[8] "Mechanical, Electrical and Thermal Characterization of G10CR  and G11CR Glass 
Cloth/Epoxy Laminates Between Room Temperature and 4 deg. K", M.B. Kasen et al , National 
Bureau of Standards, Boulder Colorado.  

 
Assumptions (Identify all assumptions made as part of this calculation.) 
 See  Ref [2]  
Calculation (Calculation is either documented here or attached) 
 See Attached. 
 
Conclusion (Specify whether or not the purpose of the calculation was accomplished.) 
 

    The tabs on the fingers were modeled as a continuous solid. The peak stress is where welds are proposed. As long 
as the welds are  full penetration with a backing fillet, and it is properly aged,  it will be OK. The weld should be 
ground smooth  to remove irregularities from the weld start/stop. In the original model, the root of the tab has a 
radius that would be provided by the backing fillet. With these details, the weld will be consistent with Tom 
Willards analysis [2]. 
  
    The G-10 sleeve/spacers have a peak stress that corresponds to the location of the tab peak stress. The peak stress 
is a combination of shear and local compression.  The fabric plane of the G-10 should be oriented parallel to the end 
face of the sleeve/spacer.  

 
Cognizant Engineer’s printed name, signature, and date 

 
___________________________________________________________________________ 

 
 

I have reviewed this calculation and, to my professional satisfaction, it is properly performed and 
correct. 
 
Checker’s printed name, signature, and date 
 

___________________________________________________________________________  



 

Executive Summary 
 
    Tom Willard originally modeled the TF joint assembly [2] The focus of the analysis was the TF strap that 
connected to the inner leg. . The calculations  later included the hardware connections to the outer leg.  Tom 
updated his modeling of the fingers  and the flag extensions in Feburary 2012, and the power point slides from his 
Peer review are included in this calculation.   The finger details which are the focus of this calculation provide 
support for the outer TF flag connections. The finger details were intended to be  machined from a solid.   

 
Figure 1 TF Flex Joint with Fingers Highlighted 

 
. The finger material specified was Inconel 718. This is expensive both in terms of material and in the machining 
costs. M. Mardenfeld proposes to weld the finger tabs and then finish machine where needed and then do a final 
heat treat to restore the strength of the 718. Tom Willard left all the analysis files, and with a capable computer 
these could be queried and the stresses in the  local areas of the fingers, where welds are prorposed,  could be 
investigated. Art Brooks loaded the results files and provided the plots of the areas of interest.  

 



 

Figure 2 Type A “Finger” 
. The peak stress is where welds are proposed. As long as the welds are  full penetration with a backing fillet, and it 
is properly aged,  it will be OK. The weld should be ground smooth  to remove irregularities from the weld 
start/stop. In the original model, the root of the tab has a radius that would be provided by the backing fillet. With 
these details, the weld will be consistent with Tom Willards analysis [2]. 

 
Figure 3 Type B “Finger 

 
The bolted connection to the ring and the ring connection to the umbrella structure wall has evolves since Tom 

Willard built his model. Analyses of a later configuration is included in ref [5], but the specific details of the bolting 
and ring attachment to the aluminum block reinforcements has not been determined yet (as of Dec 2013) 

 

 
Figure 4 



 

Art Brooks Post Process of the Finger Details 
 

 
Figure 5 

 

 
Figure 6 



 

 
Figure 7 Excerpt from Special Metals Bulletin on 718 

 
The 60 ksi peak stress in the tab weld is acceptable based on the special metals, ref [6] indication of the endurance 
limit at 62.5 ksi, and the required life of, 20,000 full power stress cycles (fron the NSTX GRD) [7] 
 

 
Figure 8 

 



 

 
Figure 9 

 
The stress component plots are intended to show the directional nature of the stresses on the 
sleeve/spacer. The plane of the reinforcement of the G-10 should be parallel to he end face in 
these plots.  

Insulating Material Strengths 
 @4 @77 @292 degK 
Comp.Strength Normal to Fiber    
G-10CR 749 693 420  Mpa Ref[8]  
G-11CR 776 799 461  MPa Ref[8] 
Tensile Strength (Warp)    
G-10CR 862  825 415  MPa Ref[8] 
G-11CR   872 827 469  MPa Ref[8] 
Tensile Strength (Fill)    
G-10CR  496 459 257  MPa Ref[8] 
G-11CR  553 580 329  MPa Ref[8] 
 
The RT tensile strength in the reinforced direction is 257 MPa or 37 ksi – sufficient for the 20 ksi applied in 
the corner 



 

Finger Loads Post Processing by Yuhu Zhai 
 

 
Figure 9 

 
Figure 10 
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